1. Introduction
===============

Lung cancer is one of the most common and serious types of cancer in the world. According to the GLOBOCAN 2012 report^\[[@R1]\]^ released by the International Agency for Research on Cancer, age-standardized morbidity and mortality rates for lung cancer were 34.2 per 100,000 and 30.0 per 100,000 respectively in men, and 13.6 per 100,000 and 11.1 per 100,000 respectively in women. Lung cancer accounts for the largest proportion (13.0%) of newly diagnosed cancer cases in the world, and highest proportion of cancer death (19.4%).^\[[@R1]\]^ In China, the age standardized incidence rate of lung cancer among men is 48.4/100,000, making it the most common cancer in men. Among women, lung cancer incidence ranks second only after breast cancer, with an age standardized incidence rate of 21.9/100,000. Regardless of gender, lung cancer is ranked the leading cause of death among malignant tumors.^\[[@R2],[@R3]\]^

Smoking tobacco is the single most important risk factor for lung cancer.^\[[@R4]\]^ The risk of developing lung cancer is 14 times higher in smokers compared with nonsmokers.^\[[@R5]\]^ However, not all smokers suffer from lung cancer, suggesting that the etiology of lung cancer is multifactorial. Accumulating evidence suggests that lack of exercise may also be an important risk factor for cancer.^\[[@R6]\]^ Regular physical activity can improve lung function and reduce tobacco-induced lung and airway injury.^\[[@R7]\]^ Most studies on the subject have considered that smoking is a confounding factor. The results of a recent review^\[[@R8]\]^ suggested that the protective effect of physical activity is only found in current and former smokers, but not never-smokers. Other factors such as obesity and chronic lung disease are also possible confounding factors that may obscure an association between physical activity and lung cancer.

The association between physical activity and the risk of lung cancer is complex, and a recent study suggested that not all physical activity has the same effect.^\[[@R9]\]^ Most previous studies have focused on the role of recreational (as opposed to occupational) physical activity. A systemic review and meta-analysis of 28 relevant studies concluded that regular recreational physical activity may reduce lung cancer risk.^\[[@R10]\]^

Studies on the effect of occupational physical activity have been less common. Some studies have reported that occupational physical activity may increase the risk of lung cancer in men,^\[[@R9]\]^ and that men with standing occupations had higher risk of lung cancer than did men with sitting occupations.^\[[@R9],[@R11]\]^ However, other studies showed that occupational physical activity does not affect lung cancer risk.^\[[@R12],[@R13]\]^

The present case--control study explored an association between self-reported occupational and recreational physical activity and lung cancer in a Fujian population.

2. Methods
==========

2.1. Study subjects
-------------------

The Ethics Committee of Fujian Medical University approved the study and all the subjects signed the consent form. The present study applied a hospital-based on-going case--control design.

From January 2006 to June 2015, we enrolled cases of newly diagnosed primary lung cancer who were admitted to First Affiliated Hospital of Fujian Medical University, Fujian Medical University Affiliated Union Hospital, or Fuzhou General Hospital of Nanjing Military Region. The diagnoses were made by clinical examination and bronchoscopy. Control subjects were selected by frequency matching according to age (±2 years) and gender, among the healthy visitors to nononcology departments during the same period and healthy people in the community. All the subjects had lived in Fujian province in China for more than 10 years and were willing to cooperate with the survey and able to answer the questions clearly.

2.2. Survey content and variable definition
-------------------------------------------

The survey participants were interviewed by uniformly trained investigators according to a structured questionnaire.^\[[@R14],[@R15]\]^ The interview included questions concerning the following broad areas: baseline characteristics; smoking status; exposure to environmental tobacco smoke (ETS); physical activity; history of chronic lung disease; family history of lung cancer; and alcohol and tea consumption.

Body mass index (BMI) was calculated as body weight (kg)/height^2^ (m^2^), and categorized as low (\<18.5), normal (18.5 ≤ BMI \< 25.0), and overweight or obese (≥25.00). A smoker was defined as someone who had cumulatively smoked \>100 cigarettes. A former smoker was a person who previously smoked, but had not smoked for more than 3 consecutive months. Exposure to ETS was defined as never directly smoked, but inhales the smoke produced by cigarettes or exhaled by smokers \>15 minutes per day. Drinking alcohol was considered as ≥1 time/week for more than 6 months, and drinking tea as ≥1 cup/week for more than 6 months.

Physical activity during the past 2 years was quantified. Occupational physical activity was rated as low, moderate, or high intensity, in accordance with the Reference Standard of Labor Intensity recommended by the Chinese Nutrition Society in the year 2000.^\[[@R16]\]^ Specifically, low intensity refers to activities performed by office workers; repairers of electrical appliances, watches, and clocks; sales staff; hotel attendants; chemical experiment operators; and lecturers. Moderate intensity occupations include those in which participants sit or stand for 25% of the work time, while 75% is spent on moderate intensity special vocational activities such as student daily activities; motor vehicle driving; electrical installation; lathe operation; and metalwork cutting. High intensity occupations are those in which 40% of the time is spent sitting or standing, while 60% is spent on high intensity activities such as nonmechanized agricultural labor, steel, dance, sports, loading and unloading, and mining.

The intensity of recreational physical activity or exercise was classified as moderate (sweat inducing) or low (nonsweat-inducing, such as walking). Recreational physical activity was also rated as occasional (2--3×/week) or frequent (\>3×/week).

2.3. Statistical analysis
-------------------------

All statistical analyzes in this study were performed using SPSS 23.0 statistical software. The Chi-squared test and *t* test were used to compare the baseline demographic characteristics of the case and control groups. An unconditional logistic regression model was used to analyze the correlation between physical activity and lung cancer. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. Associations between physical activity and lung cancer were analyzed with logistic regression analysis based on smoking status, ETS exposure, history of chronic lung diseases, and BMI. Multiple logistic regression analysis was performed using the Backward Stepwise Wald method to identify the risk factors for lung cancer. The *P*-value of the results was 2-tailed, with a test level alpha (α) = 0.05.

3. Results
==========

3.1. Baseline characteristics
-----------------------------

The study population comprised 3244 individuals, including 1622 patients with lung cancer and 1622 age- and gender-matched healthy controls. The baseline characteristics are shown in Table [1](#T1){ref-type="table"}. The age, gender, ethnicity, and marital status of the 2 groups were well-matched, but statistically significant differences were found with regard to BMI, education level, occupation, family history of lung cancer, history of chronic lung disease, smoking status, exposure to ETS, fruit, fish, alcohol and tea consumption (Table [1](#T1){ref-type="table"}).
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The baseline characteristics of the study population.
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3.2. Association between physical activity and pathological types of lung cancer
--------------------------------------------------------------------------------

The risk of any lung cancer was significantly higher (OR: 1.354, 95% CI: 1.068--1.717) in subjects who engaged in high intensity occupational physical activity compared to low intensity. Recreational physical activity at both moderate (frequent: OR = 0.708, 95% CI: 0.578--0.867; occasional: OR = 0.666, 95% CI: 0.535--0.830) and low intensity (frequent: OR = 0.623, 95% CI: 0.519--0.748; occasional: OR = 0.704, 95% CI: 0.565--0.876) was associated with a lower risk of any lung cancer (Table [2](#T2){ref-type="table"}). A linear correlation was found between the frequency of recreational physical activity, regardless of intensity, and risk of any lung cancer (*P* \< .001), that is, the more frequent the physical activity, the higher the risk reduction. A similar linear correlation (*P* \< .001) was also observed when only nonsmall cell lung cancers were included. The risk of nonsmall cell lung cancer in those exposed to high intensity occupational activity was 1.384-fold (95% CI: 1.087--1.762) that of those only exposed to low intensity (Table [2](#T2){ref-type="table"}).
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Association between different types of physical activity and lung cancer.
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3.3. Associations between lung cancer and physical activity of people according to BMI
--------------------------------------------------------------------------------------

After adjustment for other confounding factors, physical activity did not affect risk of lung cancer in subjects with low BMI. In subjects with normal, both moderate and low intensity recreational physical activity was associated with lower risk of lung cancer, both when performed occasionally (moderate intensity: OR = 0.591, 95% CI: 0.453--0.771; low intensity: OR = 0.744, 95% CI: 0.582--0.950) and frequently (moderate intensity: OR = 0.744, 95% CI: 0.582--0.950; low intensity: OR = 0.660, 95% CI: 0.529--0.823). In overweight and obese subjects, low intensity recreational physical activity was associated with lower risk of lung cancer (frequent: OR = 0.518, 95% CI: 0.355--0.758; occasional: OR = 0.577, 95% CI: 0.369--0.903; Table [3](#T3){ref-type="table"}).
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Association between physical activity and lung cancer by BMI.
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3.4. Associations between lung cancer and physical activity in people according to smoking and ETS exposure status
------------------------------------------------------------------------------------------------------------------

After adjustment for other factors, in both the current and former smokers, recreational physical activity was associated with reduced risk of lung cancer. In current smokers, moderate intensity recreational physical activity was associated with 29.8% (95% CI: 0.495--0.997) lower risk when performed frequently and 60.1% (95% CI: 0.268--0.596) when performed occasionally. Low intensity recreational physical activity was associated with 48.1% (95% CI: 0.380--0.708) lower risk when performed frequently and 47.9% (95% CI: 0.381--0.712) when performed occasionally.

In former smokers, frequent moderate-intensity recreational physical activity was associated with lower 39.6% (95% CI: 0.366--0.998) lower risk of lung cancer. Frequent low-intensity physical activity was associated with 52.6% (95% CI: 0.296--0.761) lower risk, while occasional low-intensity physical activity was associated with 49.3% (95% CI: 0.282--0.911) lower risk. Physical activity was not associated with altered risk for lung cancer in never-smokers (Table [4](#T4){ref-type="table"}).
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Association between physical activity and lung cancer according to smoking history.
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Recreational physical activity was also associated with lower lung cancer risk in both ETS-exposed and not ETS-exposed subjects. In subjects not exposed to ETS, the OR was 0.542 (95% CI: 0.391--0.751) for frequent moderate intensity recreational physical activity and 0.693 (95% CI: 0.494--0.974) for occasional moderate intensity recreational physical activity. Low intensity recreational physical activity was also associated with lower lung cancer risk when performed frequently (OR 0.550, 95% CI: 0.414--0.731). However, in ETS-exposed subjects, low-intensity recreational physical activity was only associated with 30.3% (95% CI: 0.547--0.890) lower risk when conducted frequently, and 29.4% (95% CI: 0.530--0.941) when conducted occasionally (Table [5](#T5){ref-type="table"}).
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Association between physical activity and lung cancer according to exposure to ETS.
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3.5. Associations between lung cancer and physical activity according to chronic lung disease history
-----------------------------------------------------------------------------------------------------

After adjustment for other confounding factors, subjects who suffer from a chronic disease only had a reduced risk of lung cancer with frequent low intensity recreational physical activity (OR: 0.498, 95% CI: 0.254--0.975). Subjects who had never suffered from a chronic lung disease had a reduced risk of lung cancer when involved in moderate intensity recreational physical activity. Frequently performing moderate intensity recreational physical activity (OR = 0.672, 95% CI: 0.542--0.834) and occasionally performing such (OR = 0.643, 95% CI: 0.508--0.814) was associated with lower lung cancer risks (Table [6](#T6){ref-type="table"}).
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Association between physical activity and lung cancer according to history of lung disease.
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3.6. Risk factors for lung cancer identified by multiple logistic regression analysis
-------------------------------------------------------------------------------------

Multiple logistic regression using the Backward Stepwise Wald method identifies gender, education, marital status, occupation, family history of lung cancer, history of chronic lung disease, current smoking, former smoking, ETS exposure, BMI, tea, fish and fruit consumptions are factors that can affect the risk for lung cancer. High intensity occupational physical activity (*P* = .021), low intensity (*P* = .012) and moderate intensity recreational physical activity (*P* = .005) have all been shown to affect lung cancer risk (Table [7](#T7){ref-type="table"}). These variables are all adjusted for in the calculation of OR in the above analysis.
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Multiple logistic regression analysis of the risk factors for lung cancer.
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4. Discussion
=============

Physical activity refers to activity that is produced by skeletal muscle contraction, resulting in energy expenditure, and is associated with daily life, work, and recreational activities, including occupational physical activity, commuting to and from work, housework, shopping, sports, and exercise. Recreational physical activity is characterized by short-term, intensive energy consumption, whereas occupational physical activity is characterized by a lower energy consumption rate over a longer period of time.^\[[@R17]\]^ The present study showed that occupational and recreational physical activity was associated with different effects on lung cancer risk.

Physical activity is a diverse and complex concept. Several methods for quantification and categorization of physical activity can be found in the literature.^\[[@R10]\]^ The World Health Organization recommends ≥150 minutes of moderate physical activity per week or ≥75 minutes of high intensity physical activity per week. Moderate intensity physical activity is defined as activity that noticeably increases the heart rate such brisk walking and dancing, while high intensity physical activity is defined as activity that causes rapid breathing and substantial increase in heart rate such as running and fast cycling.^\[[@R18]\]^

The intensity of activity can also be measured according to the energy metabolic equivalent (MET) of the participant. The ratio of metabolic rate during exercise to the standard resting metabolic rate (4.184 KJ kg^--1^ h^--1^) represents the intensity of a particular physical activity, and according to the activity type and intensity, different physical activity has a specific MET value. In the present study, information about the activity intensity and activity frequency were acquired through questionnaires or interviewing the subjects, and asking the subject to define their own intensity level, generally defined as moderate or low. Moderate intensity refers to physical activity or physical exercise that reaches the degree of sweating, and low intensity to nonsweat-inducing exercise such as walking. The subjects were also asked to state their physical activity frequency in terms of the number of times physical activity was performed (times/week) during the last 2 years. Occasional was defined at recreational physical activity 2 to 3 times per week, and frequent as more than 3 times per week. The intensity of occupational physical activity was defined according to the Reference Standard of Labor Intensity recommended by the Chinese Nutrition Society in 2000.^\[[@R19]\]^

Through a review of the literature, 8 case--control and 29 cohort studies were found, as well as studies with other designs that explored associations between physical activity and lung cancer. Eighteen of the studies^\[[@R20]--[@R36]\]^ found that physical activity and lung cancer was negatively correlated. Nineteen studies^\[[@R8],[@R11]--[@R13],[@R34],[@R37]--[@R49]\]^ reported no association between physical activity and lung cancer. Eight studies looked specifically at occupational physical activity and lung cancer.^\[[@R11],[@R13],[@R21],[@R34],[@R37],[@R38],[@R48],[@R50]\]^ Only Brownson et al^\[[@R21]\]^ reported that lung cancer had nothing to do with occupational physical activity. The present study found that high intensity occupational physical activity was associated with increased risk of lung cancer, especially nonsmall cell lung cancer. On the other hand, recreational physical activity was associated with reduced risk of developing lung cancer, especially nonsmall cell lung cancer, in former and past smokers, non-ETS-exposed subjects, and subjects without a history of chronic lung diseases.

In the present study, the control group contained a higher percentage of never-smokers compared to the case group (Table [1](#T1){ref-type="table"}). How smoking status affects the association between physical activity and lung cancer was assessed in a meta-analysis,^\[[@R8]\]^ which compared 25 observational studies. The results suggested that physical activity negatively correlated with lung cancer risk in former (RR = 0.68, 95% CI = 0.51--0.90) and current smokers (RR = 0.80, 95% CI = 0.70--0.90), but had no association with lung cancer risk of nonsmokers (RR = 1.05, 95% CI = 0.78--1.40, *P*~interaction~ = .26). Adjusting for the level of smoking did not change these results (*P*~interaction~ = .73). This is highly consistent with the results of the present study. In addition, this study further found that exposure to ETS did not affect the association between physical activity and lung cancer (*P*~interaction~ = .16). However, in the present study, high intensity occupational physical activity increased the risk of lung cancer in subjects exposed to ETS, but does not affect subjects that are not ETS-exposed. Recreational physical activity reduces lung cancer risk in both ETS-exposed and not ETS-exposed (Table [5](#T5){ref-type="table"}).

The present study has a retrospective case--control design. Berkin bias was minimized by including subjects from four different hospitals in the Fujian province: First Affiliated Hospital of Fujian Medical University, Fujian Medical University Affiliated Union Hospital and Fuzhou General Hospital of Nanjing Military Region, and also including healthy controls subjects from the community. To eliminate potential confounding factors and objectively assess the association between physical activity and lung cancer, factors such as obesity, chronic lung disease, intake of fruit/vegetables/meat/fish and other factors must therefore be considered in addition to adjusting for smoking and ETS exposure. Air pollution is also a known risk factor for lung cancer.^\[[@R51]\]^ However, since all included subjects have lived in the Fujian province in China for more than 10 years, the exposure to air pollution was assumed to be similar among the subjects. In the present study, the control group had a higher mean BMI than did the lung cancer group. There is a difference in the level of physical activity for people with different BMI levels. One study^\[[@R52]\]^ showed that people with higher BMIs participated in more recreational physical activity, but they infrequently chose walking or cycling for commuting. A history of chronic lung disease is related to lung cancer risk, and disease itself can cause a lack of physical activity in patients.^\[[@R52]\]^ Thus, these factors' influence needed to be considered when studying the association between lung cancer and physical activity. Other factors that could potentially influence the validity of the conclusions drawn from the present study includes recall and selection biases. A prospective cohort study would be valuable to further confirm the effect of physical activity on lung cancer.

The present study found that low-intensity physical activity had a protective effect on subjects with BMI in the normal or overweight/obese range, but no effect in subjects with low BMI (Table [3](#T3){ref-type="table"}). These results are in contrast to that of Mao et al^\[[@R30]\]^ in which physical activity was shown to significantly reduce the risk of lung cancer in people with low BMI, while no relation was found in people with high BMI. This may be caused by inconsistency in the stratification of BMI. Mao et al^\[[@R30]\]^ stratified BMI as \<25, 25--30, and ≥30 kg/m^2^, while the present study stratified BMI according to the criteria of the World Health Organization for adults (\<18.5, 18.5--24.9, ≥25 kg/m^2^). To the authors' best knowledge, no previous study has included history of chronic lung disease as an adjustment factor or to stratify their analysis. The present study found that moderate intensity recreational physical activity negatively correlated and high intensity occupational physical activity positively correlated with lung cancer risk only in people without a history of chronic lung disease.

Several hypotheses may potentially explain a biological mechanism underlying a reduction in lung cancer risk through recreational physical activity. For example, exercise can affect growth factors such as insulin-like growth factor (IGF) and IGF binding protein (IGFBP), thereby altering tumor progression. High levels of circulating IGF-1 may increase lung cancer risk, while high levels of IGFBP-3 may reduce the risk of lung cancer.^\[[@R30]\]^

In addition, physical activity can significantly reduce insulin, glucose, and triglyceride levels, and increase the level of high-density lipoprotein cholesterol, which may be associated with reduction in lung cancer risk.^\[[@R53]\]^ Another possibility is that physical activity may enhance immune system function^\[[@R12],[@R38]\]^ by increasing the number and activity of macrophages, natural killer cells, lymphokine-activated killer cells, and lymphokine regulated cytokines, as well as increasing mitogen-induced lymphocyte proliferation rates. Smoking and ETS exposure can lead to respiratory inflammation and increase oxidative stress. Physical activity can increase the secretion of endogenous free radical scavengers which decrease oxidative stress and inflammation, thereby increasing lung ventilation and perfusion to reduce the risk of lung cancer.^\[[@R54]--[@R56]\]^

5. Conclusion
=============

In conclusion, we found a significant association between the type and intensity of physical activity and lung cancer in this Fujian population. Occupational and recreational physical activity was associated with different effects on lung cancer risk. High intensity occupational physical activity was associated with increased risk of lung cancer, especially nonsmall cell lung cancer, while recreational physical activity was associated with reduced risk of lung cancer, especially for nonsmall cell lung cancer, in current and former smokers, people with no history of chronic lung disease and people with normal or high BMI. Further research with a prospective design would be valuable to confirm the effect of physical activity on lung cancer.
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